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(54) Optical compensatory sheet 

(57) An optical compensatory sheet is composed of 
a transparent support, an orientation layer and an opti- 
cally anisotropic layer. The orientation layer is made of a 
polymer, and the optically anisotropic layer is made of a 
liquid crystalline compound. The polymer of the orienta- 
tion layer is chemically bonded to the liquid crystalline 
compound of the optically anisotropic layer via the inter- 
face of these layers. An element composed of a trans- 
parent support and a polymer layer of a polyvinyl 
alcohol at least one hydroxyl group of which is substi- 
tuted with a group having a vinyl moiety, an oxiranyl moi- 
ety or an aziridinyl moiety, is useful for the preparation of 
the optical compensatory sheet. 
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Description 

BACKGROUND OF THE INVENTION 
Field of the Invention 

The present invention relates to an element which can be utilized for the preparation of optical elements such 
an optical compensatory sheet and a liquid crystal cell, and further relates to the optical compensatory sheet. 

Description of Prior Art 

As a display for electronic office system-devices such as a desk-top personal computer and a word processor CRT 
(cathode ray tube) has been employed so far. Recently, a liquid crystal display (hereinafter referred to as LCD) is widely 
employed instead of the CRT because of its small thickness, light weight and low power consumption. LCD generally 
has a structure that a liquid crystal cell is disposed between a pair of polarizing sheets 

The liquid crystal cell comprises a pair of substrates provided with transparent electrode and a liquid crystalline 
compound sealed therebetween. The substrate generally has an orientation layer prepared by rubbing a layer of poly- 
mer such as poly.rn.de. polyvinyl alcohol or gelatin, or an orientation layer formed by obliquely depositing an inorganic 
compound The onentation layer has a function of defining an orientation direction of the liquid crystalline compound 
The orientation layer preferably is a rubbed polymer layer from the viewpoint of productivity. As polymer suitable for the 
onerrtation layer, therefore, polymers capable of easily and stably tilting the liquid crystalline compound by rubbing are 
greatly desired. * 

Most of LCD having the above structure use a twisted nematic liquid crystal. Operational mode of LCD using the 
twisted nematic liquid crystal is roughly divided into two types, i.e.. a birefringence mode and an optical rotatory mode 

A super twisted nematic liquid crystal display (hereinafter referred to as STN-LCD) utilizing the birefringence mode 
uses a super twisted nematic liquid crystal showing a twisted angle of more than 90 degrees and having steep electro- 
optical characteristics. Such STN-LCD. therefore, has an advantage of giving display ofa large arSTy dSng fnSe- 
T*"*- th6 STN "!- CD h3S disadvan teges such as slow response (such as several hundred millisec- 
onds) and difficulty in g.v.ng satisfactory gradation on display, and therefore its display characteristics are relatively 

TFT-LCD C and P M^LCD) diSPlay CharaCteriStiCS ° f a liquid cr * stai dis P ,a y usina the *n«wi active-type elements (e.g. 

In the TFT-LCD and MIM-LCD, twisted nematic liquid crystal showing a twisted angle of 90 degrees and having 
positive birefringence is employed for displaying an image. This is called LCD of an optically rotary mode (i.e.. TN-LCD) 
TN-LCD display mode shows rapid response (such as several tens of milliseconds) and high display contrast and eas- 

IfZZl^'TT** diSP ' ay ? h, ' 9h C ° ntraSt HenC6 ' th8 ° ptical rotatory mode has a numbar °' advantages c?m- 
" h ri £ I b,refr ' n 9 ence mode ° r °*her modes. However. TN-LCD has disadvantages that color or contrast on 
2™ de P end '"9 "P°n viewing angle to the liquid crystal display, and its display characteristics are not compa- 
rable to display characteristics of CRT. v 

nmJH t0 ;TT * he Vi6Wing a " 9le characteristics O e.. to enlarge the viewable angle), arrangement of a phase 
difference film (optical compensatory sheet) between a pair of polarizing plates and TN liquid crystal cell has been pro- 

tir.i^th™! 00 ^ "f t0 7 t 6etS Sh0W "° ° PtiCal eff6Ct When a liquid dis P ,av is seen ,r °™ the direction ver- 

Slavt , EST th f 1 d,Sp,ay b « caUSe bhase difference in the direction perpendicular to a surface of the liquid crystal 
display is almost zero. However, the optical compensatory sheet serves for compensation of phase difference (depend- 
ing upon wavelengths of light) that occurs when the liquid crystal display is viewed from an oblique direction Tne phase 

ItT^n thi?r fa T b / e VieWi " 9 an9 ' e characteristi os such as coloring and disappearance of displayed image. 

It is known that the optical compensatory sheet is needed to have negative birefringence for compensating positive 
birefringence of the twisted nematic liquid crystal and an inclined optic axis 

m mnr P a S°^" A J di f C '^ eS u an ^ """P^satory sheet having the negative birefringence and inclined optic axis. 
1% nnc^l, d,sc, 7^ hee t 13 P^* b * stretching a polymer such as polycarbonate or polyester and has the 
directions of the main refractive indices which are inclined from the normal of the sheet. To prepare the above sheet by 
he stretching treatment, extremely complicated treatments are required. Therefore an optical compensatory sheet of a 
large surface area cannot be easily prepared according to the disclosed process 

«nt ^£1*7.? ^ ° PtiCal ^ mP f nSat ° ry Sh6et com P risin 9 a "CMC crystalline polymer. For instance. Japanese Pat- 
r?D whT,h Pub, ^ ons No - 3(1991)-9326 and No. 3(1991)-291601 disclose an optical compensatory sheet for 
nn* '"tT. ° f P °' ymer ShOWin9 ,iquid CTyStal »W* on an layer provided 

3M99tTS??^ T nH 3 P0, T, r ^ T" : 0ri6ntati0n ' ayer - P ° ,yimide is "I**"* Fu 'ther. polyamide such as nylon (No. 
S^hSS i T y alCOh °' (Na 3 ( 1991 )" 291601 ) ara a 's° described as other polymer examples. The poly- 
mers showing liquid crystal property described in these Publications are not satisfactorily oriented on the orientation 
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layer. Further, the polymer does not generally show negative birefringence. Hence, the resulting compensatory sheet 
scarcely enlarges the viewing angle from all directions. "pensaiory sneet 

rnn^TJlT ^ Pr ° visional ^cation No. 5(1993)-215921 discloses the use of a birefringence plate (optical 
compensatory sheet) compnsmg a support and a polymerizable lod-like compound showing liquid crystal property and 
positive birefringence. The birefringence p.ate is prepared by coating a solution of the lod-like compound or ^e support 
and curing the compound with orienting the compound by the .application of the magnetic or elertric f ieW FurS the 
Publ,cat.on describes use of rubbed polyimide. silane coupling agent having a long chain alkyl group and deposi S 

PubL^n n 0 ^ 6, t0 H° rient COmP ° Und - a,th0U9h the ,ayers are not ?n Exarnp.a T^ZreTlaTof ^ 

Publication, however, dose not show negative birefringence. Hence, the resulting compensatory sheet scarcely 
enlarges the viewing angle from all directions. y scarcely 

SUMMERY O F THE INVENTION 

As described above, various polymers for the orientation layer are known. However, these polymers do not qive the 

^£E£Z£2 7 C3Pable ° f eaS " y Stab ' y m ° 9 the MqUid CrySta " ine COmpound - ^re ^ £S?£ 
cal compensatory sheet comprising a support film, an orientation layer and a liquid crystalline compound layer cannot 
greatly enlarge the viewing angle from all directions. e compouno layer cannot 

dir J^LT^I a A Pp, ! Cat ! 0n d J, SC,OS ? S an ° ptiCal corn P*™*°'Y ^eet greatly enlarging the viewing angle from all 
L A^rH ?1995»: ^ 08/310.101 ; or E.P. Application No. 94114956.9 (EP 646829 A1. Date of publica- 

The optical compensatory sheet has a representative structure comprising a transparent support an orientation 
layer such as a rubbed polyviny. alcohol layer thereon, and an optically anisotropic layer of discoT I quid crSine 

sieisj^ ori Tu n Iayer ? the sheet use ° f the discotic *** » ««^£sr35; 

enlargement of the v.ew.ng angle. However, the orientation layer is not satisfactorily capable of easily and stably tiltino 
he discotic liquid crystalline compound. Further, in the case that the optical compensatory sheetTs stoSd ofemp oS 

Sn T rt ' S °^ aSI ° na,ly f0md th3t the 0ptiCa " y anisotropic la * er is from the orientation layer ' 

oripn inn ^ . J h present to provide an element provided with a polymer layer which is capable of easily 

capi: ^^sa^ssss sr pensatory sheet havins an orientation ,ayer which is 

It is a further object of the invention to provide an optical compensatory sheet which has an excellent durability 
gives an enlarged viewing angle, and can be easily prepared. excellent ouraomty. 

There is provided by the invention an optical compensatory sheet which comprises a transparent support an ori- 
entation layer provided thereon and an optically anisotropic layer provided on the orientation lay* xZ orient Ln layer 
f° ym8r ^ the M 0p * ica,ly anisotr °P ic uprising a liquid crystalline axrpoXSi^C^ 
o! Sters ' S t0 MqUid CrySta " ine COmP ° Und ° f 0PtiCa " y aniS °* r0piC ' ayer * the imedTce 

Preferred optical compensatory sheets according to the invention are as follows: 

PrJln e n? Pt L Cal h COmP !T t0, I ***** Wherein layer is formed of Polyvinyl alcohol at least one hydroxyl 

IS Z 8 9r ° UP haVin9 3 Viny ' mOI ' ety ' an moie »y ° r an aziridinyl moiety 

wS iS? n %7£ * ° PtiCal,y aniSOtr ° pic layer is formed of a lic < uid ^ a '»ne compound 

which has a group havrng a vinyl moiety, an oxiranyl moiety or an aziridinyl moiety. 

whrh e hT s T 0 ^ P H nSat0ry Sh6 , et Wh6rein the ' iqUid CrySta " ine Compound is a discotic lk * uid ^talline compound 
which has a group having a vinyl moiety, an oxiranyl moiety or an aziridinyl moiety. 

There is also provided by the invention an element having the structure of the above optical compensatory sheet 
In eSfrlXr 8 ^ * advanta 9 eous| y obtained by the use of the following element 

a.™^. 1 JETT wh f * omDnse ? a transparent support and an polymer layer provided thereon comprising polyvinyl 

SrXfmS^S ^7 9r ° UP ° f WhiCh iS SUbStitUted With 3 9r ° Up ^ 3 vinyl an moieTy o an 

aziridinyl moiety (each of the moieties containing its lower alkyl substitution compound) 

Preferred elements according to the invention are as follows: 

rr 

ni^H t^T n% T defin6d - ?'u m 5> Wh6rein ,he vinyl moiet * oxiranyl moiety or the aziridinyl moiety is con- 
.SSSi^ST am PdyVinyl a,COh °' ^ 3n 6ther b0nd, ' n9 ' 3 Ur8thane b ° nding - an ace ta' bon5°ng 
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2) The element wherein the polyvinyl alcohol is represented by the formula (I): 
(I) 

— (CH 2 CH)- (CH 2 CH)— — (CH 2 CH)— 

OH ill 0 



10 



I 

c=o 



I 

(R n ) k i 

I CH 

(L 12 ) 



3 



75 



h 

11 



wherein L 11 represents an ether bonding, a urethane bonding, an acetal bonding or an ester bonding- 
R represents an alkylene group or an alkyleneoxy group; 
2° L represents a connecting group for linking R 11 with Q 11 ; 

Q 1 1 represents vinyl, oxiranyl or aziridinyl; 

♦ ™ X ! iS 5 the ' ang u e of 10 to 99 9 molar % - y 1 is in *e range of 0.01 to 80 molar % and z1 is in the range of 0 
to 70 molar %. under the condition of x1+y1+z1=100; and 
each of k and h independently represents 0 or 1 . 

25 ?nlp e 3 el T 6nt ? 2 !, abOV8 Wh6rein in me formU ' a R1 1 re P resent * -R 2 - or R 3 -(0-CH 2 CH2) t - in which each of R* 
and R independently represents alkylene of 1 to 12 carbon atoms and t is an integer of 0 to 2. and especially R" 
represents alkylene of 1 to 12 carbon atoms; and especially n 

NRCOoTnfni"' :S "" h C ?"c° C °'' " C0 " 0 ■• -°- CO -°-- -CO-O-CO-. -NRCO-, -CONR-, -NR-, -NRCONR- 
, -NRCO-O-, or -OCONR- in which R represents hydrogen or lower alkyl. 

so 4) The element wherein the polyvinyl alcohol is represented by the formula (III): 



35 



40 



45 



50 
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(III) 



(CH 2 CH)- -(CH 2 CH)— — (CH 2 CH)— 

OH L 3i 0 

(CH=CH) f -A3i— O 

(R 31 ) kl 

(L 32 ) hl 

Q- 



>31 



wherein L represents an ether bonding, a urethane bonding, an acetal bonding or an ester bonding- 

A represents an arylene group of 6 to 24 carbon atoms or an arylene group of 6 to 24 carbon atoms which 
is substituted with halogen, alkyl of 1 to 4 carbon atoms or alkoxy of 1 to 4 caSon atoms- 

1 to 1 2 l*onT" te '"I'? " R 1°-°^ H *)«- in which «sch of R2 and R 3 independent represents alkylene of 
1 to 1 2 carbon atoms and t is an integer of 0 to 2* 

NRCO^ " CO '-°-' ■°' CO -°-' - C °-°- CO - -NH0O-, -CONR, -NR-, -NRCONR- 

. -NRCO-O- or -OCONR- in which R represents hydrogen or lower alkyl; 

Q represents vinyl, oxiranyl or aziridinyl; 

x2 is in the range of 10 to 99.9 molar %, y2 is in the range of 0.01 to 80 molar % and z2 is in the range of 0 
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to 70 molar %, under the condition of x2+y2+z2=100; and 
each of k1 and hi independently represents 0 or 1 . 

5) The element wherein the group has no aromatic ring. 

6) The element wherein the polyvinyl alcohol has a recurring unit having the group in an amount of 0 1 to 1 0 molar 
A> based on a total amount of recurring units of the polyvinyl alcohol. 

Further, there is provided by the invention an optical compensatory sheet which comprises a transparent support 
an orientation layer provided thereon and an optically anisotropic layer provided on the orientation layer, the orientation 
layer comprising a polymer and the optically anisotropic layer comprising a liquid crystalline compound, wherein tSe 

Preferred optical compensatory sheets according to the invention are as follows: 

is comSouS' 03 ' C ° mpenSat0ry Sheet wherein tne °P tical| y anisotropic layer is formed of a discotic liquid crystalline 

2) The optical compensatory sheet wherein the liquid crystalline compound is a discotic liquid crystalline compound 
which has a group having an aryl moiety. K 



10 



20 



There is also provided by the invention an element having the structure of the above optical compensatory sheet 
The optical compensatory sheet or element is advantageously obtained by the use of the following element" 
. 6 6ment wh «=h comprises a transparent support and an polymer layer provided thereon comprising a polyvinyl 
alcohol at least one hydroxy! group of which is substituted with a group having the formula (II): " 

(ID 

30 O N ^( W 21) n 

wherein R^ represents an alkyl group or an alkyl group which is substituted with alkyl. alkoxy, aryl. halogen vinyl viny- 
35 loxy. oxiranyl. acryloyloxy. methacryloyloxy or crotonoyloxy; * y 

- W 21 represents an alkyl group, an alkyl group which is substituted with alkyl. alkoxy, aryl. halogen, vinyl vinyloxy 

SE^J?S2S2 Tr^T** or cr r noy,oxy " ™ a,koxy 9roup - an altoxy * «*-^sr5s 

alkoxy. aryl, halogen, vinyl, vinyloxy. ox.ranyl, acryloyloxy, methacryloyloxy or crotonoyloxy 
qis0or1;and 
40 n is an integer of 0 to 4. 

Preferred elements according to the invention are as follows: 

or telogIrand Wherein ^ r6PreSentS a " a ' M gr ° up or an alk * 9 rou P wnich is substituted with alkyl. alkoxy. aryl 
45 w 21 represents an alkyl group, an alkyl group which is substituted with alkyl. alkoxy. aryl or halogen an 

alkoxy group, an alkoxy group which is substituted with alkyl. alkoxy. aryl or halogen ' 
2) The element wherein R* represents an alkyl group which is substituted with vinyl, vinyloxy. oxiranyl. acryloyloxy 
methacryloyloxy or crotonoyloxy; and ' «*wyiuy.uxy, 

„m . ^ repr f ents , an alk y' 9 rou P- an alk W Sroup which is substituted with alkyl, alkoxy. aryl, halogen vinyl 
Z^SftT* y ^ methacryloyloxy or crotonoyloxy. an alkoxy group, a? alkoxy group whichis suS 
tuted with alkyl. alkoxy. aryl. halogen, vinyl, vinyloxy. oxiranyl. acryloyloxy. methacryloyloxy or crotonoyloxy. 

ZTHl V B P ° lyVinyl a,COh0, has a recurring unit havi "9 tne ar V m <>iety in an amount of 0.1 to 10 

molar /« based on a total amount of recurring units of the polyvinyl alcohol. 



55 



ea J orlS ? T»- compr,sin 9 a ^nsparent support and the specific polymer layer thereon is capable of 

5 CryStal " ne com P° und ^ sub i ectin 9 tne surface of the polymer layer to orientation treatment 
especially capable of or.ent.ng a discotic liquid crystalline compound. Hence, the element is useful for not only *e oS 
cal compensatory sheet but also a transparent substrate of a liquid crystal cell 
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ln *e optical compensatory sheet of the invention, the polymer of orientation layer is chemically bonded to the liq- 
uid crystalline compound of optically anisotropic layer via the interface of these layers. Therefore the optical compensa- 
tory sheet shows high bonding strength between the orientation layer and the optically anisotropic I^TwSffSS, 
exhibits an excellent durability as well as an enlarged viewing angle. 

The sheet is prepared by forming a layer of discotic liquid crystalline compound having a polymerizable grouo on 
hv T r^^rr 51 " 9 the Sp6CifiC P ° ,ymer ha ™ 9 8 Potable W such as vinyl and cuHng thSe layer 
panng the SeT " " ^ *" ° f inVemi ° n Ca " be employeTfor w 

BRIEF DESCRIPTION OF THE DRAWING 

Fig- 1 is a view schematically showing the representative structure of the element of the invention 
tion.F. 9 ' 2 is a v.ew schematically showing the representative structure of the optical compensatory sheet of the inven- 

Fig. 3 is a view schematically showing the representative structure of the optically anisotropic layer of the invention 
pensa?or^ 

DETAILED DESCRIPTION OF THE INVFMTIHM 

thereof * C ° mpriSeS a trans P aren t ™PP°« and a polymer layer comprising the specific polymer 

| auo 7i h 5 e r PreSentatiVe . StrUCtUre ° f the 6lement iS shown in Fi 9- 1 - Fig. 1. a transparent support 11 and a polymer 
layer 12 are superposed to constitute the element. po'ymer 

.J* 6 P°' ymer lay Z \ 2 is ca P ab,e of easi| V orienting a liquid crystalline compound by subjecting the surface of the 

EST V^T SUCh 35 rUbbin9 treatment ™« P oly ™ * a ^P^oif ic polyme? having a Po.ymer 

izable group such as a vrnyl moiety, an ox.ranyl moiety or an aziridinyl moiety or having an aryl group The preferred 
polymer is the specific polyvinyl alcohol of the formula (I). (II) or (III) P preferred 

tatiol^rn^' ^r Sat ° ry l heet ° f * he inVenti ° n haS 3 basic structure comprising a transparent support, an orien- 
tation layer provided thereon and an optically anisotropic layer provided on the orientation layer 

The representative structure of the optical compensatory sheet of the invention is shown in Fig 2 In Fio 2 a trans 
£ are 3p^dto ISSESZ f T ° t * K * (a ^ ° f ^^J^SSi 

™£2Z2SZZ^^ sheet ™ e orientation layer 22 is the po,y ™ lay - « 1 

_ The opticaf compensatory sheet of the invention is characterized in that the polymer of the orientation laver 22 is 
2T a SKf3 Bd .? h- CrySta " ine COmp ° und of the optically anisotro P ic la ^ 23 via the? ZSS of fai 
w * t nni ° ndin9 b T mm the tW ° ' ayera Can be formed by reactin 9 the Polymerizable group of the Symer 

with a polymenzable group of the liquid crystalline compound. In this case, the optically anisotropic layer prSS 

SUET * TT " If °T n69ative ^efringence. Otherwise". L Symer layer £££ 
cr^rX^! S °° P ° lymerizable 9r ° Up bUt has aryl ca P abla * ~* opting a oncotic Cd 

Th- ^ at T ia ' ? th !, transparent su PP° rt of ^ invention, any material can be employed, sp long as it is transparent 
The material preferably ,s a film having a transmittance of not less than 80 % and especially showfng opt cal Sot St 

^maS 

Therefore, the film is preferably prepared from material having a small intrinsic birefringence, such as triacetvl cel- 
lulose. Sucf, material ,s available on market by the tradename of Geonex (from Nippon Geon Co Ltd ) Arton ( rom 
Japan Synthetic Rubber Co.. Ltd.) and Fuji TAG (from Fuji Photo Film Co. Ltd.). Moreover materiaTrhaving a arce 

3 n ^T^T' P0 ' yary,ate ' POlySU,, ° ne and PO'^hersulfone areTsL emp oyab e Z 
thelitm * y P '° by ap P r °P riate| y controlling molecular orientation in the procedure of forming 

The transparent film generally satisfies the condition of: 

nz < nx = ny 

and preferably satisfies the condition of: 

20 3 {(nx + ny)/2 - nz} x d s 400 (nm) 
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in which nx and ny is main refractictive indices within the film and nz is a main refractive index in a thickness direction 
of the Mm and d ,s the depth (i.e., thickness) of the film, and more preferably satisfies the condition of: 

30 s [(nx + ny)/2 - nz] x d a 150 

5 

ny iSSIril tZZSSS 7 * m M * * satisfactor y condition that nx is almost equal to 

ny. i nerefore, the transparent film preferably satisfies the condition of: ^ 

io |nx - ny|/)nx - nz| =s 0.2 

in which nx and ny have the same meanings as above 

not sjks ni y ^:*rr e (when the dispiay is viewed fr ° m the front »~ - 

«JS S!3 ' fc 1 'T r S Pr ° Vided ° n the trans P arent W°rt The orientation layer has a function of defining an ori- 

Ta ™^2TZt^ n l "T" 1 SUCh 35 8 diSC ° tiC Hquid crystelline compound *> be P rt1 d rtherin 
by a coating me hod, and the or.entat.on g.ves an optic axis inclined from an optical compensatory sheet 

20 <u^Z™T^:T*™ 15 3 P °' ymer ^ WhiCh h3S bee " Sut * ected to orientat-on treatment such as 
olZ ™S ' ? P^er composes a polymer which has a group having vinyl, oxiranyl, aziridinyl or aryl The 
, ! | po 1 ^ ,n ^ a,coho1 - The orien ^°n layer is explained with reference to polyvinyl alcohol beTow 
In the polyvinyl alcohol of the invention, its at least one hydroxy! group is substituted with a arouo havinr, «uSmni 

the TT an . aZiridiny ' m ° iety - ThS ^ " 96neral ' y Reeled ^ 

the polyvinyl alcohol through an ether bonding (-O-), a urethane bonding (-OCONH-). an acetal bondinq fSlcm Z 
T. < TZ 3 ( "? C °- } (l,nka9e 9r0up) " Pre,erred are a urethane an acekl toZ « bSSta 

i a EST 1 - *T Vi " y, 'K 5drany1, aZiridinyl ° r ary ' iS indir6Ct,y bonded to the polyvinyl ^TS^mS tond ng 
..e.. tine group is preferably bonded to the polyvinyl alcohol together with the linkage group as shown below 
The polyvinyl alcohol is generally represented by the formula (I). (II) or (III) described betow 



30 



40 



(I) 

(CH 2 CH)— (CH 2 CH)— _ ( ch 2 CH)— 

OH l 11 1 



O 

| I. 

(Rii )k <r=° 

I CH 3 
(V 2 ) h 



45 
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$12^ ^ b ° ndin9, 9 Urethane b ° ndinQ ' ^ aC6tal b ° ndlng ' ° r an ester **** 

R represents an alkylene group or an alkyleneoxy group; 

L represents a group for connecting R 1 1 with Q 1 1 ; 

Q 1 1 represents vinyl, oxiranyl or aziridinyl- 

each of k and h independently represents 0 or 1 . 
r fl rhI?n^ f l mU ' a ' represents an al Wene group of 1 to 24 carbon atoms, an alkylene group of 3 to 24 
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o R 3 1 l 2 Pr fl erab ' y repr8SentS - R ;' -R 3 "(0-R 4 ),-0-R 5 -. -R 3 -CO-R 6 -, -R 3 -NH-R<\ -R3-NR7-R6. -R3. S .r6. . R 3o 0 R 6 

or -R 3 -A 2 -R 6 -.n which each of R* R 3 , R 4 , R" and R» independently represents aikylene of 1 to 24 carbon atoms R 7 
represents a kyl of 1 to 12 carbon atoms or aryl of 6 to 15 carbon atoms. A* represent arylene of 6 toVS^to^ 
and t ,s an integer of 0 to 4. * ! more preferably represents -R*- or -R^O-C^CH^- in which each of R^ aS R 3 S 

&7SS^5ls; 1 to 12 -* an 3toms and 1 is - inte9er of 0 to 2 - and especially R1? "™ 

,7 he k'^'T 6 mayhave a s "bstituent. Examples of the substituents include alkyl of 1 to 24 carbon atoms arvl of 6 

2* S y ° f 1 10 . 24 CB * 0n at ° mS ' ary ' 0Xy ° f 6 10 24 atom * a,kylthi ° °» 1 to 24 S7in Ltoms 

hnn » 1, ? T f t0mS ' hal ° 9en (F ' Cl ' B0 ' alky,carbon y> <* 2 to 24 carbon atoms, arylcarbonyl StSSSS 
ton atoms, alkylsulfonyl of 1 to 24 carbon atoms, arylsulfonyl of 6 to 24 carbon atoms, hydroxyl mercapto am no alM- 
carbonyloxy of 2 o 24 carbon atoms, arylcarbonyloxy of 7 to 24 carbon atoms, alkylsulfonyloxy of 1 to 24 carton atoms 
a ylsulfonyloxy of 6 to 24 carbon atoms, alkylcarbonylthio of 2 to 24 carbon atoms, arylcarbonylthio of 7^ carton 

caTn fT 1 f 0 24 Ca ?° n at0mS> arylsulfonylthi ° <* 6 to 24 carton atoms, alMcartonyfamino of S3 
carbon atoms arylcarbonylam.no of 7 to 24 carton atoms. alkylsuHonylamino of 1 to 24 carbon atoms arylsulfo 
nylammo of 6 to 24 carbon atoms, carboxyl or sulfa. aryisuito 

■ f o f ! rr6d ! examples of 1116 substituents include alkyl of 1 to 24 carbon atoms (preferably 1 to 12 carbon atoms) 
aryl of 6 to 24 carton atoms (preferably 6 to 1 4 carbon atoms) and alkoxyalkyl of 2 to 24 carbon atoms SeferaSly 2 to 
12 carbon atoms). Examples of the alkyl include methy.. ethy.. n-pentyl, n-hexyl. n-heptyl. n^uZZnfZfn- 

n T: hT^ iS ° bUty1, SeC " bUty '' ^ and 2 - ethylhexyl - Samples oftne alkyTsubstiS wl T to 4 
SStaSST JSSi 2 - m t° Xy f 'J"; 2-(2-methoxyethoxy)ethyl. 2-[2- ( 2-methoxyethoxy)ethoxy]ethyl, 2-n butoxyethyl 
2-ethoxyethy . 2-(2-ethoxyethoxy)ethyl, 3-methoxypropyl. 3-ethoxypropyl. 3-n-propyloxypropyl. 3-benzyioxypro P rand 
2-methyibutyloxymethyl. Examples of the aryl include phenyl. 2-tolyl. 3-tolyl, 4-tolyl 2-anisyl. 3-anisy! ^ EKX^bLS 
ny 3-b.phenyl. 4-biphenyl. 2-chlorophenyl. 3-chloropheny.. 4-chloropheny.. 1-naphthyl and SSiTS^STi 
heterocyclic group include pyridyl, pyrimidyl, thiazolyl and oxazolyl. napnmyi. bxampies of 

L preferably represents -O-. -S-, -CO-, -O-CO-, -CO-O-. -0-CO-O- -CO-O-CO- -NRCn rnwR md 

KEErV ^ °. "° C ? NR - in R r6PreSentS hydr ° 9en ° r '- 6r S e^mpWoM^V- 
nhfnn • ^ 7^' V ' nyl ° Xy - methacryl °y. acryloyloxy. methacryloyloxy. crotonoy loxy vinyl- 

£ES W,ny ^T 0 ^^ Styryl ' ■'■ 2 -ePOxyethyl. 1.2-epoxypropyl, 2.3-epoxypropyl. 1,2-imUethy 0 r2,3 S 
Preferred are vinyl, vmyloxy. acryloyloxy. methacryloyloxy. crotonoyloxy. vinylbenzoyloxy. 1.2-epoxyethyl 1 L ep oS 
pyl,2,3-epoxypropyl.1,2-iminoethyl. 1 ,2-iminopropyl or 2,3-iminopropyl. epoxyeinyi. epoxypro 

Each of x1 . y1 and z1 represents a molar ratio (%) under the condition of x1+yl+z1=l00 x1 generally is 10 to 99 9 

I 9en nn ' y iS 0 01 10 80 m °' ar % ' and 21 96nerally is 0 to 70 ™* % X1 preferably KSw 9 
y1 P eferably,s0 4 01 to 50 molar % (especially 0.01 to 10 molar %). and z1 preferably is 0 to 5 Lolar % 

formu"a (ten 56 * " 308431 *" * *" (l) can be re P resented * the following 

(la) 

— < CH 2CH)- (CH 2 CH-CH 2 CH) — 

OH O O 

(R n ) k 

(L 12 )h 
Q" 



In the formula (la). R 1 1 . Q 1 1 . x1 . yl . z1 . k and h have the same meanings as in the formula (I). 



r 
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The polyvinyl alcohol of the invention can be also represented by the formula (III): 
(III) 

— (CH 2 CH)- (CH 2 CH)— — (CH 2 CH)— 

OH L3i O 

| l_ 

(CH=CH) f -A3i— O ( T~° 

I CH 3 

(R 31 ) kl 

(L 32 ) hl 

Q 31 

wherein I L 31 represents an ether bonding, a urethane bonding, an acetal bonding, or an ester bonding- 
an oil- re P resents an arylene group or an arylene group which is substituted with a halogen atom", an alkyl group 
S 9roup th 0r an 9~up which is substituted with alkoxy. aryl, halogen, vinyl, vinyloxy. acry.oy. me h4S' 
acryloyloxy. methacryloyloxy. crotonoyloxy. vinylphenoxy, vinylbenzoyloxy. styryl. 1.2-epoxyethyl 1 2-eDOxvDroov 2 3 
epoxypropyl. 1 .2-iminoethyl or 2.3-iminopropy. (especially A» represent an aVylene £Z * to 24 S5S atoms or 

toTcaZ aZs)! 6 10 ^ Ca,b0n at ° mS WhiCh " SUbStitUted "* hal09en ' ^ ° f 1 10 4 Carb0n at °^ ***** oi 1 
R 31 represents the same group as in R 11 ; 
L 32 represents the same group as in L 12 ; 
Q 31 represents the same group as in Q 1 1 ; 

70 mo.5 £ T^LTh? 6 0, H 1 t ° t0 f J m ^' ar %> * iS in th6 ran9e ° f 0 01 10 80 motar % - and 22 is in *» range of 0 to 
70 molar %, under the condition of x2+y2+z2=100; and a 

Each of k1 and hi independently represents 0 or 1. 

12 JTrt!nn S«? p ' , deSC ;^ ed ^ ove - the ar y |ene 9 rou P 9^ally has 6 to 24 carbon atoms, and preferably 6 to 
12 carbon atoms. Examples of the arylene group include 1 ,4-phenylene. 1 ,3-phenylene. 1 2-phenylene and 1 5-naoh 

Sfan X -Tun on to J^T ****** * ^ 9 ™ P £. 3t 

SLJLTUS! . V carbon atoms - an alko *y 9'oup of 1 to 4 carbon atoms, or an alkoxy group of 1 to 4 carbon 

2ZT J h ^ . alkDXV ° f1 t0 4 Carb ° n at0mSl aryl ° f 6 to 15 carbon atoms . halogen, viny? vS£y 

S« d ! ny a 7 lo y'- ^thacryloyl. acryloyloxy. methacryloyloxy. crotonoyloxy. vinylbenzoyloxy and sty^EX 

prefefaSTut^ molarS. 9 m °' ar % ' * Preferab,yiS ° ° 1 t0 50 m0,ar % (eSpeda " y 0 01 t0 10 ™ lar *)■ - * 
ing form^a C (IMa) that ^ * ™ *" POlyViny ' a,COh0 ' ° f the f ° rmula «" b * rented by thefol.ow- 
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(Ilia) 



~-(CH 2 CH)- (CH 2 CH-CH 2 CH)— — <CH 2 CH) zT - 



OH 6 6 



o 



y* c=o 

(CH=CH) f -A 31 — O ch 3 



(R 31 ) kl 



(L 32 )hi 

In the formula (Ilia). A 3 \ rt« Q 3i, x2 . yz, z2, k1 and hi have the same meanings as in the formula (III). 

c J^Er Sf PdyV " ly l alCOh0 ' ° f the inV6ntion P referab| y is polyvinyl alcohol at least one hydroxyl group of which 
substituted with a group having the formula (II): H 




wherein R 21 represents an alkyl group or an alkyl group which is substituted with alkyl. alkoxy, aryl, halogen vinyl viny- 
loxy. oxiranyl, acryloyloxy, methacryloyloxy or crotonoyloxy; ^' y 

W 21 represents an alkyl group, an alkyl group which is substituted with alkyl. alkoxy, aryl. halogen vinyl vinyloxy 
a^arv^h^ "fT***" or crotonoyloxy. an a.koxy group, an alkoxy group which is sJLtftut Jwrth a^ 
alkoxy, aryl. halogen, vinyl, vinyloxy, oxiranyl , acryloyloxy. methacryloyloxy or crotonoyloxy 

qis0or1;and 

n is an integer of 0 to 4 (preferably 0 or 1 , especially 0). 
It is preferred that R 21 represents an alkyl group which may be substituted with alkyl. alkoxy, aryl or halogen- and 
W represents an alkyl group which may be substituted with alkyl, alkoxy. aryl or halogen, an alkoxy group an 
alkoxy group which is substituted with alkyl. alkoxy. aryl or halogen P ' 

m e th A a '^ l lli Preferred t that represente an al W 9 rou P which is substituted with vinyl, vinyloxy. oxiranyl. acryloyloxy. 
methacryloyloxy or crotonoyloxy; and .-- 1 ^y^y, 

W 21 represents an alkyl group, an alkyl group which is substituted with alkyl. alkoxy. aryl. halogen, vinyl vinyloxy 
£££ "J? ° y T methaCry '? y,0x y or crotonoyloxy. an alkoxy group which may be substituted with alkyl. mSS. 
halogen, vinyl, vinyloxy, oxiranyl, acryloyloxy, methacryloyloxy or crotonoyloxy. 

The alkyl group or alkoxy group preferably has 1 to 24 carbon atoms, especially 1 to 12 carbon atoms 
Examples of the alkyl group include unsubstituted alkyl groups such as methyl, ethyl, n-pentyl. n-hexyl.' n-heptyl n- 
octyl. n-nonyl. n-decyl. n-undecyl. n^lodecyl. isopropyl. isobutyl. sec-butyl, t-amyl and 2-ethylhexy|- 1 to 4 alkoxy 
vIZ S r* "T£ , f^L T SUCh 33 ^hoxyethyl. ^(S-methoxyethoxyJethyr^ meS 
or 0 nv2?r^ e ^K• a *r bute ^ 2-ethoxyethyl. 2-(2-ethoxyethoxy)ethyl. 3-methoxypropyl, 3-ethoxypropyl. 3 n- 
ESSlS? ^^o^opy and 2-methylbutyloxymethyl; aralkyl groups such as 2-phenylethyl and 2-(4 n^buty- 
oxyphenyl)ethyl; vmylalkyl groups such as vinylmethyl. 2-vinylethyl. 5-vinylpentyl. 7-vinylheptyl and 8-vinyloctyl' vS- 
loxyalky. groups such as 2-viny.oxyethyl. 5-vinyloxypentyl. 6-viny.oxyhexyl. 7-vinyloxyhSyl and sSS- 
ox.ranyWkyl groups such as 3.4-epoxybutyl. 4.5-epoxypentyl. 5.6-epoxyhexyl. 6.7-epoxyhepW 7 .8-epoxyoc^y36 7- 
epoxyoctyl; acryloyloxyalky. groups such as 2-acry.oyloxyethy.. 3-acryloy.oxypropyT 4^cryloytox^^tyr5rc?yfoy- 
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■ aCry '°y |0 f he ^ 1 ' 7-acryloyloxyheptyl and 8-acryloyloxyoctyl; methacryloyloxyalkyl groups such as 2- 
methacryloyloxyemy 3-methacryloyloxypropyl. 4-methacryloyloxybutyl. 5-methacryloyloxypentyl, 6-methacryloytoxy- 
hexyl 7-methacryloyloxyheptyl and 8-methacryloyloxyoctyl; and crotonoyloxyalkyl groups such as 2-crotonoy taZSZ 
onoXo^^ 4 - Cr0t0n0y,0XybUtyl ' 5-crotonoyloxy P entyl, 6-crotonoy.oxyhe^.. y'crotonoyloxyh^d^S 
The group of OR 21 preferably is bonded to the benzene ring at the 3- or 4- position 

uJZl%Z^Z^^w^ ted into pdyviny1 a,cohd by reacting the cart ^ lic acid de ^- 




^ In the formula (lla). R , W 21 , n and q have the same meanings as in the formula (II). X represents a qrouo enablina 
n?xv1nd n N o C °" p0riion :^ ies * X indude «W for forming an activated esier bond^ch as^nChe 

T ?° in,C ' mide; 9r ° UpS fof formin9 acid anh y dride such as s V mr "^ acid anhydride type groups 
(e.g alkylcarbonyloxy and arylcarbonyloxy). and a mixed acid hydride type-groups (e g methanesuKonvloxT frET 

formu^M' eih y to Z Carb0nylaXy) - 9rOUPS f ° r formin9 acid halide ^ uch asCI andsT SSSHSE 
formula (lla) may not be necessarily isolated. In more detail, the compound can be employed in the form of a react on 
soluton conte.n.ng the compound. Preferred are mixed acid hydride type-groups and groups foTlZl^ TEE 
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Examples of compounds of the formula (lla) in the case that X is OH (i.e.. acid type), are described below: 
1-1 



n -^ 6 H 13 0-^2)--COOH 

1-2 

n-C 7 H 15 0-^^_coOH 

1-3 

n-C 8 H 17 0-^^-^00H 

1-4 

n-C 9 H 19 Or-^^_COOH 

1-5 

n ~CioH 21 0-^^-CQO H 

1-6 

n-C, , H 23 0-^^-coOH 

1-7 

n-C 12 H 25 0-^^_C00H 

1-8 

CH 3 0(CH 2 ) 2 0(CH 2 ) 2 0-<^>-coOH 



12 



10 



15 



20 



25 



30 



35 



55 
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1-9 

n-C 4 H 9 0(CH 2 ) 2 0-H(^)-COOH 

1-10 . 

CH 3 0(CH 2 ) 5 0-^y_coOH 

1-11 

CH 3 0(CH 2 ) 2 0(CH 2 ) 2 0(CH 2 ) 2 0-Vny-COOH 



2-2 

40 

2-3 

45 

2-4 

50 



1-12 . 

n-C 8 H 17 0-^^^_CH=CH-COOH 
1-13 "~" 

n ~Ci 1 H 23 0— ^^_Ch=CH-COOH 

1- 14 . 

»VWW>(Ct^O-^-CH-CH-a»H 

2- 1 

CH 2 =CH-CO(CH 2 ) 3 0-H^-COOH 

CH 2 =CH-gO(CH 2 ) 4 0-(g)_^oOH 
CH 2 =CH-CO(CH 2 ) 5 0-^g)_c OOH 

CH ^= CH -fiO(CH 2 ) e O-^)_ C oOH 
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2-5 



CH 2 =CH-CO(CH 2 ) 7 0 
O 




OOH 



10 



2-6 



CH 2 =CH-CO(CH 2 ) 8 0 
O 




OOH 



15 



20 



2-7 



2-8 



CH 3 

CH 2 =C-CO(CH 2 ) 6 0— <( )V- COOH 




CH 3 -CH=CH-CO(CH 2 ) 6 0 




OOH 



25 



2-9 



CH 2 =CH-CO(CH 2 ) 4 0 
O 




H=CH-COOH 



30 



2-10 



CH 2 =CH-0O(CH 2 ) 6 O 
O 




H=CH-COOH 



35 



2-11 



CH 3 

CH 2 =C-CO(CH 2 ) 4 0 




H=CH-COOH 



40 



45 



2-12 



CH 2 =CH-CO(CH 2 ) 9 0 
O 




OOH 



CH, 



50 



3-1 




55 
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10 



15 



20 



25 



30 



35 



40 



45 



50 



3-2 



n_c ioH 2 i O^Q\__ COOH 



3-3 



CH, 



n-C 8 H 17 O^Q)^oOH 



3-4 



n -Ci 0 H 21 O-^^_coOH 

cr 



3-5 



n— c 



ioH 2 i 0~-0^)\_coOH 
CH 3 Q 



3-6 



CH 3 0(CH 2 ) 2 0(GH 2 ) 2 0 




OOH 



3-7 



n-C 4 H 9 0(CH 2 ) 2 0-^)- C 00H 



CH, 



3-8 



CH 3 0(CH 2 ) 5 0 




OOH 



55 
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3-9 



10 



15 



20 



25 



30 



35 



40 



45 



50 



n -C 8 H 17 0 




H=CH-COOH 



3-10 



n-C 4 H 9 0(CH 2 ) 2 0 




4-1 



4-2 



4-3 



4-4 



4-5 



4-6 



CH 2 =CH-(CH 2 ) 6 0 



CH 3 -C H=C H — (CH 2 ) s O 



CH 2 =CH-0— (CH 2 ) 4 Q 



CH 2 -CH-(CH 2 ) 6 0 

\ / 
O 



CH 3 ^H-CH-(CH 2 ) 5 0 
O 



CH 2 =CH-(CH 2 ) 6 0--^ 

CH 3 



H=CH-COOH 




OOH 





OOH 



OOH 




OOH 




OOH 




OOH 



55 
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4-7 

CH 2 =CH-0-(CH 2 ) 4 0— (( )>-COOH 

Cl' 




4-8 



4-9 



CH 2 =CH-(CH 2 ) 6 0— ^^-CH=CH-COOH 




O 

5-1 



CH 2 -CH-(CH 2 ) 6 0-<( )V-CH=CH-COOH 



COOH 

5-2 

n-C 8 H 17 0-^^ 

COOH 

5-3 



CH 3 0(CH 2 ) 2 0(CH 2 ) 2 




CH 2 =CH-C0(CH 2 ) 4 0 



COOH 



55 . 



17 



EP 0 726 486 A2 



5-6 



CH 2 =CH-CO(CH 



CO(CH 2 ) 6 0-^^ 



COOH 



5-7 



10 



CH 2 =CH«0(CH 2 ) 2 0--^^\ 



COOH 



15 



5-8 



20 



35 



40 



45 



CH2-HDH-(CH 2 ) 6 ( 

O . COOH 



5-9 



25 



n— C, 



CH=CH-COOH 



5-10 



30 




CH 2 =CH-CO(0H 2 ) 6 O 

"CH=CH-COOH 

The group incorporated into the polymer chain (carbon atom) of the polyvinyl alcohol 



group (IV): 



especially has the following 



(IV) 




(CH 2 ) d -(0) t 



u 



-R41 



50 



55 



afcohols denied by btock-copc^on having a ^ 5U £, as ^ 0H ^4 ^SiX? £v 
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Preferred are polyvinyl alcohols which are not denatured, and denatured polyvinyl alcohol having alkylthio group 
(C12H25S-). A polymerization degree of the above polyvinyl alcohol preferably is in the range of 100 to 3,000 The 
saponification degree preferably is in the range of 80 to 1 00%. especially in the range of 85 to 95%. 
Examples of the polyvinyl alcohol of the invention are given below. 



V-l 



-fCHaCHJj- 
OH 



« CH 2 CH ^ 
O 



c=o 

(CH 2 ) 2 -0<t!-C=CH 
CH 3 



A CH 2 CH ^ 

o=c-o 

II 

CH 3 



In the formula V-1 , examples of x, y and z are described below: 





x (molar %) 


y (molar %) 


z (molar %) 


Polymer No. 1 


86.3 


1.7 


12 


Polymer No. 2 


85.0 


3.0 


12 


Polymer No. 3 


87.7 


0.3 


12 


Polymer No. 4 


70.0 


18.0 


12 


Polymer No. 5 


86.9 


1.1 


12 


Polymer No. 6 


98.5 


0.5 


1 


Polymer No. 7 


97.8 


0.2 


2 


Polymer No. 8 


96.5 


2.5 


1 


Polymer No. 9 


94.9 


4.1 


1 



V-2 



-eCH 2 CH^. 
OH 



« CH 2 CH ) T 

O 

i 

c=o 

NH 



-i CH 2 CH ^ 

o=c-6 
6h q 



(CH 2 ) 2 -O^CH=CH 2 
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In the formula V-2, examples of x, y and z are described below: 





x (molar %) 


y (molar %) 


z (molar %) 


Polymer No. 10 


86.3 


1.7 


12 


Polymer No. 1 1 


81.7 


0.3 


18 


Polymer No. 11a 


87.7 


0.3 


12 


Polymer No. 12 


83.0 


5.0 


12 


Polymer No. 13 


89.0 


10.0 


1 


Polymer No. 13a 


78.0 


10.0 


12 



V-3 

fCH 2 CH^ 

OH 



In the formula V-3, examples of n, x, y and z are described below: 





n (number) 


x (molar %) 


y (molar %) 


z (molar %) 


Polymer No. 14 


2 


80.3 


1.7 


18 


Polymer No. 1 5 


3 


87.5 


0.5 


12 


Polymer No. 16 


4 


94.0 


5.0 


1 


Polymer No. 1 6a 


4 


83.0 


5.0 


12 


Polymer No. 17 


5 


86.9 


1.1 


12 


Polymer No. 1 8 


6 


87.7 


0.3 


12 



V-4 

eCH 2 CH^ 

OH 



In the formula V-4, examples of n, x, y and z are described below: 



20 



-( CH 2 CH ^ ( CH 2 CH ^ 

O o=c-6 

C=0 _ CH 3 



O 

(CH 2 )n-oi!cH=CH £ 



■i CH 2 CH )y — ( CH 2 CH ^ 

6 o=c-6 

I i 
• ru 

(CH 2 jh OCCH=CH 2 3 

O 
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n (number) 


x (molar %) 


y (molar %) 


z (molar %) 


Polymer No. 19 


2 


87.8 


! 0.2 


12 


Polymer No. 20 


2 


87.5 


0.5 


12 


Polymer No. 21 


3 


94.4 


0.6 


5 


Polymer No. 21a 


3 


Of .'f 


O.D 


12 


Polymer No. 22 


4 


86.4 


1.6 


12 


Polymer No. 23 


5 


96.0 


2.0 


2 


Polymer No. 23a 


5 


86.0 


2.0 


12 


Polymer No. 24 


6 


84.8 ! 


3.2 


12 



V-5 

6 CH 2 CH £ ( CH 2 CH )p ( CH 2 CH 

OH 6 o=c-o 

i 

c=o 

I 

(CH 2 )- 0-C-CH=CH ; 



In the formula V-5, examples of n, x, y and z are described below: 





n (number) 


x (molar %) 


y (molar %) 


z (molar %) 


Polymer No. 25 


2 


87.5 


0.5 


12 


Polymer No. 26 


3 


97.4 


0.6 


2 


Polymer No. 26a 


3 


87.4 


0.6 


12 


Polymer No. 27 


4 


86.4 


1.6 


12 


Polymer No. 28 


5 


80.0 


2.0 


18 


Polymer No. 29 


6 


84.8 


3.2 


12 
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V-6 

— '— t CH 2 CH ^ { Y V ( CH 2 CH 

OH 4 

&= 

ch 



In the formula V-6, examples of Y, x, y and z are described below: 



x y 2 
(molar %) 



Polymer No. 30 



— CH 2 CH — 
i 

O 
i 

c=o 



(CH 2 }§ CH-CH 2 



86.3 1.7 12 



22 
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Polymer No. 31 97.3 1.7 1 

— CHoCH — 

6 

6=0 
I 

(CH075 O-CH -CH 2 

\/ 
NH 



15 Polymer No. 32 87 . 4 0 . 6 12 

H 2 CH — 

6 

I A 

(CH 2 )g CH-CH 2 

25 Polymer No. 33 80.8 1.2 18 

— CH 2 CH — 



20 



30 



40 



45 



50 



6 

0=& HCH272 



CH=CH< 



35 „ , 

Polymer No. 34 86.3 1.7 12 

— CH 2 CH — 

6 

6-CH=CH 2 



55 
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V-7 



-fCH 2 CH^ 
OH 




H CH 2 CH ^ 

o=c-6 

CH 3 



9 

0(CH 2 ) 4 OCOCH=CH 2 

In the formula V-7, examples of x, y and z are described below: 





x (molar %) 


y (molar %) 


z (molar %) 


Polymer No. 35 


87.8 


0.2 


12 


Polymer No. 36 


88.0 


0.003 


12 


Polymer No. 37 


87.86 


0.14 


12 


Polymer No. 38 


87.94 


0.06 


12 


Polymer No. 39 


87.2 


0.8 


12 


Polymer No. 40 


98.5 


0.5 


1 


Polymer No. 41 


97.8 


0.2 


2 


Polymer No. 42 


96.5 


2.5 


1 


Polymer No. 43 


94.9 


4.1 


1 


Polymer No. E 


86 : 9 


1.1 


12 


Polymer No. F 


98.5 


0.5 


1 



V-8 



-fCHaCH^ 
OH 




0(CH 2 )nOCOCH=CH 2 
In the formula V-8, examples of n. x, y and z are described below: 



< CH 2 CH )_ 
6=0 

6h 3 
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n (number) 


x (molar %) 


y (molar %) 


2 (molar %^ 


Polymer No. 44 


3 


87.8 


0.2 


12 


Polymer No. 45 


5 


87.85 


0.15 


12 


Polymer No. 46 


6 


877 


0.3 


12 


Polymer No. 47 


8 


87.7 


0.3 


12 



+ CH 2 CH)_ __ <y,__ 

<i=o 
6h 3 
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In the formula V-9, examples of Y, x. y and z are described below: 



x y 
(molar %) 



Polymer No. 48 96.2 1 8 

— CHoCH — 
i 

O 
i 

c=o 



OC a H 17 -n 



Polymer No, 49 84.2 0.8 

— CH 2 CH — 

6 

c=o 

6h 

6'h 



>(CH 2 ) 4 OCOCH=CH 

Polymer No. 50 



84.9 3.1 
— CHoCH— 

O 



^CH 3 

)(CH 2 ) 9 OCOCH=CH 2 
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Polymer No. 51 87.5 2.5 10 

— CH 2 CH — 




i 

R 



In the formula V-10, examples of n, R, x, y and z are described below: 





n (number) 


R 


x (molar %) 


y (molar %) 


z (molar %) 


Polymer No. 52 


6 


H 


86.4 


1.6 


12 


Polymer No. 53 


4 


H 


87.2 


0.8 


12 


Polymer No. 54 


4 


H 


84.7 


3.3 


12 


Polymer No. 55 


5 


CH 3 


78.8 


6.2 


15 


Polymer No. 56 


9 


CH 3 


94.2 


3.8 


2 


Polymer No. 57 


3 


H 


85.0 


5.0 


10 
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V-ll 



20 



C H 2 CH 
OH 



10 



15 




CHoCH 



fCH 2 ^- 



~6 2 
i=o 
6h 3 



o 

-c'o-C=CH 2 



In the formula V-1 1 . examples of n, R, x, y and z are described below: 







n (number) 


R 


x (molar %) 


y (molar %) 


2 (molar %) 




Polymer No. 58 


2 , 


H 


87.5 


2.5 


10 


25 


Polymer No. 59 


4 


H 


84.5 


0.5 


15 




Polymer No. 60 


5 


CH 3 


97.8 


0.2 


2 




Polymer No. 61 


6 


CH 3 


94.5 


4.1 


1 


30 


Polymer No. 62 


9 


H 


97.3 


1.7 


1 
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and LS-diarabicyclors 4 01-7-u^decTne 7dbuv ? I? 65 SU ° h * S Pyridine ' ^^mine. piperidine 

and sodium Yv^SSaS^S^l^'SS^ sodium carbonate, potassium carbonate 

amines, whi* may^^^S afsoS 38 SOd ' Um ^ and P ° taSSium acetate - Preferred ar * 
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t.,r J^, r6a< T] b ff en thS com P° und havin 9 the spedfic group mentioned above and a polyvinyl alcohol ordena- 

5 ^Sr, i ate0h °i ,S 9enera " y COndUCted 9t 3 tem P eratura * "80 to 1 50-C. preferably -20 to^20'C and ^espeda.t 

mnl ^ " rea ^° n - rati ° ° f the ""^ and the recurrin 9 unit 01 P°' A' a'cohoi generally is 1/100 to 1/ S 
molar ratio (compound/recurring unit of PVA), and preferably 1/50 to 1/5. V 

In order to obtain the aimed polymer (of the invention), the resultant reaction solution is generally purified bv means 

SfflS^S? a dialysis method dr a ,reeze - drying method - ™~ methods are ^^SSSSi 

Synthetic examples of the polyvinyl alcohols of the invention are described below. 
[Synthetic example 1] 

Synthesis of Polymer No 1 (mentioned ab "»») 

mp Si f h ? e " ne 3 ked f ' aSk ^"'PP^ with a stirr er, 14.7 g of polyvinyl alcohol (saponification value- 88 molar %■ 

MR 203 available from Kuraray Co.. Ltd.) and 100 ml of dimethylsulfoxide (DMSO; having been^hydrateTusina' 

It^LpJr P ' aC f • ^ Stirr6d 31 r ° 0m to dissolve the polyvinyl alcoholTn SSSSSS? 

whereby a PVA solution was obtained. The PVA solution was heated to 70-C. and 15 ml of a dimethylsulSr^ 

r ^S C ^° Xye ^ iSOCyanate (0 " 776 9) — dr ° pwise add6d to *• ™ MeSg^t^ tSe 

resultant reason solution was filtered through a paper towel to remove impurities. The filtered reason solution'^ 
dropw.se added w,th stirring to 1 .25 liter of ethyl acetate to precipitate a polymer. The poVm^^ 
solut-on by filtration. The polymer was added to 600 ml of methanol and was washed with stirrfngTh ^ potm JwTs^n 
separated by filtration and dried whereby 14.0 g of a massive polymer (polymer No. 1 ; yield: Sa7n™ 

[Data of the polymer No. 1] 

NMR spectrum (solvent: DMSO-d^ 

a nH H! e h^!f U 1 ShOWed Si9nalS assi 9 nad to P rotons of m ain chain, acetyl group and hydroxy! group of the polymer 
and further shewed signals assigned to proton of vinyl group as given below, that MP-203 didTot show 
o = 5.7 ppm. 6. 1 ppm (assigned to proton of vinyl group) 

Visible absorption spectrum 

n* Ji n « J measuring f lask - 0 01 5 9 of the P°'V m er was placed, and distilled water was added to the polymer to pre- 
pay 0.03% aqueous polymer solution. A visible absorption spectrum of the solution was measur^ in a uTtSSole 6 
visible spectrophotometer (UV-2200. available from Shimadzu Seisakusyo Ltd ) measur eo in a ultra violet 

Wavelength of absorption maximum: 202 nm 

Absorbance (202 nm): 0.839 

« o^ 8 ' t! abs ° rption spectrum of the PO'yviny a'cohol MP-203 (raw material) was measured in the same manner 
as above. The measurement showed the following visible absorption spectrum 
Absorbance (202 nm): 0.504 ' 

Determination of methacrvlovloxv nrnnp j ncomnmtinn r^ tin 

m nnT-r 1 K aCry,0 l!l OXyethyliSOCyanate US6d the Synthesis was reacted "methanol to produce a urethane com- 
TaJS^^ 



tinn a wi=iw^ »k J ... ...ouianui 10 prepare a uretnane compound 1x 

t.on. A v,s ble absorption spectrum of the solution was measured in the same manner as above 

Wavelength of absorption maximum: 202 nm 

Absorbance (202 nm): 0.903 

Molecular extinction coefficient: 8:42x1 0" 4 M • cm 
men? 6 ° btained da ! a reveals that increas e of absorbance (202 nm) of polymer No. 1 is derived from incorporation of 
ration into hydroxy, group of the polyvinyl alcohol. Therefore, methacryloyloxy gro^^- 

ration ratio (y) was calculated based on the data of absorbances (202 nm) to determine y (= 1 .7). 
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[Synthetic examples 2, 3 and 4] 

Synthesis of Polymer Nos. 2. 3 and 4. fmentioned ahnx/g) 

. fc™^^!^^-""" — <*i-h-*«.*«p*.*«. 

Polymer No. 2 

Wavelength of absorption maximum: 202 nm 
Absorbance (202 nm): 1.423 
y = 3.0 

Polymer No. 3 

Wavelength of absorption maximum: 202 nm 
Absorbance (202 nm): 0.653 
y - 0.3 

Polymer No. 4 (0.001 % aqueous solution) 

Wavelength of absorption maximum: 202 nm 
Absorbance (202 nm): 1 .532 (0.001 % aqueous solution) 
y=18.0 

[Synthetic example 5] 

Synthesis of Polymer No 5 rmgntin n er | ^ h 0yQ ) 
[Synthetic examples 6 to 34] 

Synthesis of Polvmar Nn s . 6 to 34 {mentioned ahn Vft ) 

Polymer Nos. 6 to 34 were obtained basically according to procedures in Synthetic example 1 . 
[Synthetic example 35] 

Synthesis Of Polymer Mn 35 ( mentions g hr.„ a ) 

MP £>* 5 a ™nTN hr f e " ne ? ed f ' aS ^ equipped With 3 Stirrer - 264 9 of P 01 ^^ alcoho1 (saponification value- 88 molar % 
MP-203 available from Kuraray Co.. Ltd.) and 225 ml of dimethylsulfoxide (DMSO; having been dehydrated I usino 

"^^^ 

?S *H tetr K ah 4 ydr °' uran CTHF) were placed to prepare a methanesulfonylchloride solution. A solution of 5 28 I o , «J 

am^TinlXS^^H ° ^ ( °^ P0Und ^ 20 mi " imoles > 3 42 ml < 2 ° m»nol^J3ESS-^ 
amine n 20 ml of THF was dropw.se added with stirring at a temperature lower than freezina ooint (0°a to thl mTth 

3 A r: t addition was comp,ete - ,he reaction fiSSSSt 

n^lorS Q 68 10 PrSpare 8 miX6d add anhydride of ""Pound No. 2-2 and methanesulfo- 

nf rtim 0 0 ml PVA S °' U *i° n ° btained previousl * 3 42 ml - (20 millimoles) of diisopropylethylamine and 0 24 g (2 millimoles) 

StZtlT add6 f t0 ^ 3 S0,Uti ° n - T ° thS SO,Ution ' the ^ve mixed acid anhydnde 2525} 
added with stirring at room temperature, and stirred at room temperature for 6 hours Thereafter the reartinn InhZZ 
was a owed I to stand overnight. The color of the resultant reaction so.ution was a 

was filtered through a paper towel to remove impurities. The filtered reaction so.ution Js'dr^wise JSSSJ 
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[Data of the polymer No. 35] 

5 

NMR spectr um (solvent- DMSQ^ £ ) 

6 = 7.9 ppm, 7.0 ppm (assigned to proton of phenylene group) 
6 = 6.3 ppm, 6.2 ppm, 5.9 ppm (assigned to proton of vinyl group) 

Visible absnrntion sppr*nim 

Wavelength of absorption maximum: 260 nm 
20 Absorbance (260 nm): 0.788 

25 Absorbance (260 nm): 0.01 1 

Determination of acrytovloxv nroup inmr pnra tion ratio (y) 

Absorbance (260 nm): 1.84 

Molecular extinction coefficient (e): 1.84x10 4 M~ 1 • cm 

cacufcBd based on .helu 5 Ss^^TSJ^S^ *- —P— ra«o H was 
[Synthetic examples 36, 37 and 38] 

Synthesis of PolymPr Mns <t6. 37 anri gg f™ entiQnart flhn „ a} 
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Table 



10 



15 



20 



Polymer 


No. 36 


No. 37 


No. 38 


[Esterrfication of PVA] 








Polyvinyl alcohol MP-203 (q) 


26.4 




^6.4 


Dimethylsulfoxide (DMSO; ml) 


225 






Diisopropylethylamine (ml) 


0.34 


1 71 
I . / I 


10.3 


Dimethylaminopyridine (g) 


n dOA 


U. \£L 


0.72 


[Preparation of mixed acid anhydride] 








Methanesulfonylchloride (g) 


0.16 


0.78 


4.65 


Tetrahydrofuran (THF; ml) 


2 


10 


60 


Compound No. 2-2 (g) 


0.53 


2.64 


15.84 


Diisopropylethylamine (ml) 


0.34 


1.71 


10.3 


THF (ml) 


2 


10 


60 


Yield (g/%) j 


21.1/80 


23.5/89 


22.3/84 
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The visible absorption spectra of the polymer Nos. 36 to 38 were measured in the same manner as above. 
Polymer No. 36 

Wavelength of absorption maximum: 260 nm 
Absorbance (260 nm): 0.023 
y = 0.003 



Polymer No. 37 

Wavelength of absorption maximum: 260 nm 
Absorbance (260 nm): 0.553 
y = 0.14 

Polymer No. 38 (0.001 % aqueous solution) 

Wavelength of absorption maximum: 260 nm 
Absorbance (260 nm): 0.132 
y = 0.06 

45 [Synthetic example E] 

Synthesis pf Pol ymer No f (mention^ a hnx/ Q ) 

[Synthetic example 39] 

Synthesis of Polymer N n, 39 (mentioned above) 
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MP 203 T^llZT* 6 f ' aS £ With 3 Stirrer> 26 4 9 of P 0 '^^ alcoho1 (saponification value: 88 molar %• 

MP-203 available from Kuraray Co.. Ltd.) and 168 ml of dimethylsulfoxide (DMSO; having been dehydrated usina 
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riH« fnnof f three - necked ,lask «l u ''PPed with a stirrer. 3.24 ml (42 millimoles) of methanesulfonvlchlo- 

T<% ^..flT ? TS?* 0 ^ ^ W6re P ' aCed to prepare a ^ethanesulfonylchloride solution A »S ° 
ethlm ^ (C ° mp ° Und Na 2 ' 2 > and 7 32 ml < 42 -rtlmotajSSl^ 1 . 

S2£Zf» ? m °l THF , was dr °P w,se added stirring at a temperature lower than freezing po nt (O-Qtothe 
methanesulfonylchlor.de solution. After the addition was complete, the reaction mixture was stirred TaVtl^i 1 

of 4 N°N^iml A h!i 0lUti0n ° bt J ned previousl * 7 32 ml < 42 millimoles) of diisopropylethylamine and 0.51 g (4 2 millimoles) 
of 4-N.N-d.mj^ylam.nopyr.d.ne were added to prepare a solution. To the solution, the above mixed add anhSwe was 
dropw.se added w.th st.rr.ng at 45°C for one hour, and then stirred at 45°C for 3 hours. Thereafta ^TreaS ^«on 

tTon nf T m temperature : and filtersd through a paper towel to remove im P^" i^£SS3S?SS 

\ 2-propanol was added and the resultant reaction solution was dropwise added with stim^ngTl 68 Ser 
12taS?l? PreC ' Pitat f a POlymer - 7116 po, y mer wa * by filtration and p.aced in ZVSiSiSlZ 

wash ng. The polymer was then separated by filtration and dried in vacuo at room temperature, where* 24 oToi a 
slightly yellow polymer mass (polymer No. 39; yield: 91%) was obtained wnereoy 24.0 g of a 

Acryloyloxy group incorporation ratio (y) was calculated based on the data of absorbances (260 nm) in the same 
manner as in Synthetic Example 35 to determine y (= 0.80). ' 

[Synthetic examples 40. 41 , 42 and 43] 

Synthesis Of Polymer Nos. 44. 4S 4fi a nd 47 (mentioned ahnva) 

Procedures in Synthetic example 35 were repeated to prepare Polymer Nos. 44. 45. 46 and 47 except for chanaino 
the compound 2-2 to compound 2-1. compound 2-3. compound 2-4 and compound 2-6. respective^ 

[Synthetic examples 44 and 45] 

Synthesis Of Polvmer Nos 53 and B4 (m entioned ahnx/g) 

Ltd W4 5 n th ,r ee "? eC ; ked f ' aS , k equippad with a stirrer - 44 9 of P^y^ (MP-203 available from Kuraray Co 

hSvh^ ( T 68 of p-toluenesulfonic acid monohydrate and 200 ml of dimethylsulfoxide (DMSO; ha^ng been 

SSST^r? ? eCl J ar 4A) W6re P,aC6d> and Stirred at room ^rature to dissolve the polyv n7a cohoMn 
rS SJ^ 6 ? ? PVA solution was obtained. A DMSO solution of 2.0 g (in Polymer No. S) or 8 0 g^n Po" 

a?roo^ 

[Data of the polymers Nos. 53 and 54] 
NMR spectr um (solvent: nMSn^ £ ) 

nm, 1^ !h 6Ctr r 01 ^ ? *lf P °' ymerS Sh0Wed Signals assigned to P rotons of main chain, acetyl group and hydroxyl 
group of the polymer, and further showed signals assigned to protons of groups as given below thlt MP 203 dS 

6 = 7.3 ppm, 6.9 ppm (assigned to proton of phenylene group) 

5 = 6.3 ppm, 6.2, 5.9 ppm (assigned to proton of vinyl group) 

6 = 5.5 ppm (assigned to proton of acetal group) 

The spectrum did not show signal assigned to proton of formyl group of the aldehyde (i e signal in about 6-10 
ppm). Th.s reveals that the resultant P o.ymer has an acetal bond into which the formyl group has ten coTe*!' 

Visible ab sorption sp ectrum 

4-(4-Acryloyloxybutyloxy)benzaldehydde was reacted with trimethylene diol to prepare an acetal comoound Th* 
SSSES ^ fT*? in methan °' t0 Ptepare 3 1X1 °" 4 M mathano1 ^ution^ coCurS3 a viJSe 

fz^:sszZoZr was measured by a ^^-^ ^^o^ ^0. ^.ns: 
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Wavelength of absorption maximum (X^*): 272 nm 
Absorbance (272 nm): 1 .66 

Molecular extinction coefficient (e): 1.66x10 4 M" 1 - cm 
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Determinatio n of acry lo v loxv group incorporated mtin (yj 

3KE=3K#5SSE5SSS5 

method, extrusion coating method and baiting meJnod 9 ^ COat ' n9 meth ° d " dip Coatin 9 

mol. Chem., D. J. Broer et al., vol. 190 pp 2255 1989" W ' ' and Makro " 
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The molecular size of the parent core is determined as follows: 



1) A planner molecular structure suitable for the molecule (parent core) is designed by determininc the bond rih 
S J? b ° nd T"? f WhiCh th6 Standard Va,ues accordi "9 to Hybridization of Z S?a5 eSS^S 

01 Chemistr » fourth edition - basic series - 11 vo,u - 15 

LmoV^a P mTod m oI e m ,a , r ^ UT& \^"^ modified by utilizing a method of moiecular orbital 
rKSLS iamxT ^ 1 » 0 mo,ecular mechanics (which are described in Gaussian 92 MOPAC 93 
CHARAm/QUANTA and NM3. preferably Gaussian 92), to give an optimum structure ' 

^^tSSS^^^ thS «*»" — «*« — * - der Waa,s 
2t»dt= * — 3) can be incorpo- 

«i xl h8 ^ procedures 3 > and 4 ) »e Preferably conducted in the following manner 

I ? ^ °I m0,eCU ' e having the optimum structure is P |aced on origin of coordinate axes includ- 

ing a mam axis of inertia (main axis of inertia ellipse body) coorainaieaxesinclud- 

»,. * * m °'? ula ; slru ' ;,ur< ' 01 1,16 P arem «™ »' •» <«*=ofc liquid crystalline compound oan be represented bv usino 

f^'?-, V aS ° St ""*" e SMsVna ,he «"«"«one of i*b« and i*b*affi preferil r!££5fc" 
and »b.0.7a Furlber. the structure preferably satisfies the condition of b/2>e conditrone of U b.c 

hbJSHS * *5" ""f* 0 lk,Uld crystalli ™ compounds employed in the invention include benzene denvatives 
frphenulenederivat,«esMruxenederivati«es.phthatocyaninederluatiues.po,ph^ mSn. 3L«' 

ZZZZ del ™ , " e 1; C r"* e<ane<,eriva * 65 - f < " kae " e meta l oomplex P de,i.atives. mSS£££S5^T££ 

eternal Society of Japan. 1994". Further, cyclic compounds and those substituted with hetero atomdeSribldin 

mZ^^ ,h ^ E ' = menlS " ChemiS " y - wl 15 ' » "» ^mical Society Sj^977^ o2f be 

^T 165 Furthermore, the examples include discotic molecule tbaf a plurd mSecutos 'torn an 

"Se ^S'^i" b °7',r C °°' d " ,a,e bond ln "» "™ ma "" 8 ' as »» <*°™ metal 

SS^SJ^SEl^ a . s a 9roup T^ 9 d?ub,e or trip,e bond (e 9 - doub,e or «■*«• bond c ° n ^ng SEE 

atoms) and groups of heterocyclic rings such as oxiranyl and aziridinyl. Especially preferred are an acrvlovl fl S«a 
1992 . Polymer, R. A. M. Hikmet. vol. 34, 8, pp. 1763, 1993" and "Macromolecules. D. J. Broer. vol. 26, pp. 1244 i. 1993"! 
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Preferred examples of the discotic liquid crystalline compound are described below. 
D-l-1 

5 RO OR 



10 




In the above formulae, examples of R 61 , R 62 , R 65 R 66 and j are described be|ow; 
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wui i ipuur 1U 
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TP -3 


u 
n 


u 
M 


H 


H 


H 


-(CH 2 ) 4 OCO- . 
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R 

a) 



R= ~a~^3~° (CH2)5 °^ CH=CHs 



D-8 

RO. OR 

>-^Z-1-7-or 

Ro-^-—r***< 

00 OR 

a) 

o 

R=-0(CH 2 ) 7 0CCH=CH-0H, 
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D-ll 




a) 



R=-OC-^^ ( ch 2 ) 9 o§ch=CH 



o 



such as vinyl and »dnfn,0 * Sr ° <,pS are 818 same (••«*«» pCymarizabte (roups 

ture of the optically anisotropic layer of the invention is shown in Fic a I S f ■ ♦ P The re P resentatlv e struc- 
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|n 2 -n 3 |/|n 2 - n^ =s 0.2 
in which n 2 and n 3 have the meanings described above 

Further, it is preferred that the sheet satisfies the condition of: 

50 a [(n 3 +n 2 )/2 - n^xDs 400 (nm) 
in which D is a thickness of the sheet; and especially the condition of: 

100 s [(n 3 + n 2 )/2 - n x D s 400 (nm) 
-J^ETJ^SE Z^SKT* **" ^ «** °°«*™»°n> — of the invenfion * 

line of the liquid erysti cell TO Ste £e^££n ^EZTJT »e seen ,n »e front aireollon. An eno» of e solid 

o^rr^ 

are SZSfo STeTrS*" " d """""^ e * ,m » tes « «*" " «— — *» * no tneans 

EXAMPLES 1 to 4 anri nOM p ARIRnfM FYA^ PI c ] 
Preparatio n of orientation l^y or 

was^te^^ Pdyviny. a,ooho. shown in Tab.e 1 (described later) 

ness of 0.8 jam. mM1UteS *° form 3 P ° lymer ,ayer of *"» Polyvinyl alcohol having a thick- 

[Coating solution of polyvinyl alcohol] 



Polyvinyl alcohol shown in Table 1 


1.0 weight part 


Water 


18.0 weight parts 


Methanol 


6.0 weight parts 
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A surface of the resultant polymer layer was subjected to a rubbing treatment using a rubbing roller (outer diamater 
mbWno^^^ 0 " 8 0t :T " mOVement * the 9,aSS SUbstrate of 100 «"**■■*• numbed r£^ of te 
a^n^^ 

Formation of laver of di scotic linuiri crystalline oimp nunri 

A methyl ethyl ketone solution (10 weight %) of discotic liquid crystalline compound (aforementioned compound 
TP-3) was coated us,ng a spin coater (3,000 rpm) on the orientation layer provided on the gfass s^Se and dn^ tn 
form a layer of discotic liquid crystalline compound (optically anisotropic layer). ' ^ * 

Evaluation of orientation nropertv nf o p tically anisf.t , rn pir igyor 

The glass substrate having the orientation layer and the optically anisotropic layer was placed on a hot date f PS82- 
Type Hot Stage, available from Met.er Co.. Ltd.), and the optically anisotropic layer was obseTvS us£g a polarfzfna 

^nZnr F ( T^°H P ° L : aV3i,able fr0m NipP ° n K ° gaku K K > with heat,n 9 *i hot plate to evaluate th "orieSon 
cond.fons. Further, the d.scot.c liquid crystalline compound layers of Examples 1 to 4 were observed using a pdarSna 
microscope under crossed nicols. The discotic liquid crystalline compound layers showed tJ^SSSSSS ™d 
therefore .t was confirmed that the layers had optically anisotropic property. transm,ss.on, and 

The results are set forth in Table 1 . 



Table 1 



Example 


Polymer layer Polymer No. (mentioned before) 


Orientation property 


Ex. 1 


No. 1 


Uniform orientation 


Ex. 2 


No. 35 


Uniform orientation 


Ex. 3 


No. 39 


Uniform orientation 


Ex. 4 


No. 53 


Uniform orientation 


Com. Ex. 1 


*MP-203 


Local existence of schlieren texture 



Remark: *: available from Kuraray Co., Ltd. 



EXAMPLES 5 to 34 anri P. QM PA R IRQ M E XAMPL ,Fft 9 tn 3 
Preparation of orientation fry^r 

ooatSn ilS?* C ?" UlOSe fHm h3Ving 3 thiCkn6SS ° f 100 ( avai| able from Fuji Photo Film Co., Ltd.). the following 

£S x ^estf po,yv ; nyl al ? oho1 shown in Tab,e 2 (described iater > was 

80 C for 10 minutes to form a polymer layer of the polyvinyl alcohol having a thickness of 0.8 urn. 
[Coating solution of polyvinyl alcohol] 



Polyvinyl alcohol shown in Table 2 


1.0 weight part 


Water 


18.0 weight parts 


Methanol 


6.0 weight parts 



of W^LttoV^!^ P °T er ' a r r ^ SUbjeCted t0 rubbir19 treatment usi "9 a ru bbi"9 roller (outer diameter 
of 80 mm) under the cond,t.ons of rate of movement of the film of 100 m/min., the number of revolution of the rubbing 
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formed 1 ' 000 ^ tenSI ' 0n ^ COnVeWnQ thS ,ilm ° f 1 k9f/cm ( width of *■* whereby an orientation layer was 
Formation of optically ani saiapifi iay? r 

[Coating solution of discotic liquid crystalline compound] 



15 



20 



Cellulose acetate butyrate (CAB531 , available from Eastman Chemical Co.) 

Discotic liquid crystalline compound TP-3 (above-mentioned discotic compound No.) 
Tripropyleneglycol diacrylate (SR306, available from Somal Co., Ltd.) 
Photopolymerization initiator (lrgacure-907, available from Ciba-Geigy) 
Methyl ethyl ketone 



12 weight parts 
100 weight parts 

10 weight parts 
2 weight parts 
400 weight parts 



25 



30 



35 



40 



45 



AA: uniform orientation 

BB: local existence of schlieren texture 

Evaluation of resistance to moisture-heat was ranked as bellow 
AA: uniform orientation 

BB: occurrence of reticulation after standing for 20 hours under the above conditions 
CC. occurrence of regulation after standing for 5 hours under the above conditions 
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The results are set forth in Table 2. 



Table 2 



Example 


Polymer layer Polymer No. (above-mentioned) 


Orientation property 






Initial 


Resistance to moist heat 


Ex.5 


No. 1 


AA 


AA 


Ex.6 


No. 2 


AA 


AA 


Ex.7 


No. 3 


AA 


AA 


Ex.8 


No. 4 


AA 


AA 


Ex.9 


No. 5 


AA 


AA 


Ex. 10 


No. 5/*MP-203=3/1 


AA 


AA 


Ex. 11 


No. 5/**PVA-1 17=4/1 


AA 


AA 


Ex. 12 


No. 10 


AA 


AA 


Ex. 13 


No. 14 


AA 


AA 


Ex. 14 


No. 20 


AA 


AA 


Ex. 15 


No. 25 


AA 


AA 


Ex. 16 


No. 26 


AA 


AA 


Ex. 17 


No. 29 


AA 


AA 


Ex. 18 


No. 35 


AA 


AA 


Ex. 19 


No. 36 


AA 


AA 


Ex. 20 


No. 37 


AA 


AA - 


Ex. 21 


No. 38 


AA 


AA 


Ex. 22 


No. 39 


AA 


AA 


Ex. 23 


No. 39/*MP-203=3/1 


AA 


AA 


Ex. 24 | 


No. 39/**PVA-1 17=4/1 


AA 


AA 


Ex. 25 


No. 44 


AA 


AA 


Ex. 26 


No. 45 


AA 


AA 


Ex. 27 


No. 48 


AA 


BB 


Ex. 28 


No. 49 


AA 


AA ! 


Ex. 29 


No. 51 


AA 


AA 


Ex. 30 


No. 53 


AA 


AA 


tX. 31 


No. 35/*MP-203=1/1 


AA 




Ex. 32 


No. E 


AA 




Ex. 33 


No. E/*MP-203=1/3 


AA 




Ex, 34 


No. E/**PVA-1 17=1/4 


AA 




Com. Ex. 2 


*MP-203 


AA 


CC 


Com. Ex. 3 

Romarl/- * ** 


"PVA-117 


AA 


CC 



: available from Kuraray Co., Ltd. 
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EXAMPLES 35 to 46 anrl P. QMPAR I SON EXAMPLES 4 to fi 

The procedures of Example 5 were repeated except for using a discotic liquid crystalline compound shown in Table 
3 instead of TP-3 and polymer shown in Table 3 instead of polymer No. 1 to prepare an optical compensatory sheet 

As for the optical compensatory sheets obtained in Examples 35 to 46 and Comparison Examples 4 to 9 orienta- 
tion property and resistance to moisture-heat were evaluated in the same manner as above (Example 5) Further the 
optically anisotropic layers (discotic liquid crystalline compound layers) of Examples were observed under crossed- 
nicolsj-he optically anisotropic layers showed high light transmission, and therefore it was confirmed that the layers 
showed optically anisotropic property. 

The results are set forth in Table 3. 



Table 3 



Example 


Polymer No. 


Discotic compound No. 


Orientation property 








Initial 


Resistance to moisture-heat 


Ex. 35 


No. 1 


TP-4 


AA 


AA 


Ex. 36 


No. 1 


TP-5 


' AA 


AA 


Ex. 37 


No. 1 


TP-8 


AA 


AA 


Ex. 38 


No. 1 


TP-17 


AA 


AA 


Ex. 39 


No. 1 


TP-23 


AA 


AA 


Ex. 40 


No. 1 




AA 


AA 


Ex.41 


No. 39 


TP-4 


AA 


AA 


Ex. 42 


No. 39 


TP-5 


AA 


AA 


Ex. 43 


No. 39 


TP-8 


AA 


AA 


Ex. 44 


No. 39 


TP-17 


AA 


AA 


Ex. 45 


No. 39 


TP-23 


AA 


AA 


Ex. 46 


No. 39 


TP-28 


AA 


AA 


Co. Ex. 4 


Polyimide 


TP-4 


BB 


CC 


Co. Ex. 5 


Polyimide 


TP-5 


BB 


CC 


Co. Ex. 6 


Polyimide 


TP-8 


BB 


CC 


Co. Ex. 7 


*MP-203 


TP-17 


AA 


CC 


, Co. Ex. 8 


*MP-203 


TP-23 


AA 


CC 


Co. Ex. 9 


*MP-203 


TP-28 


AA 


CC 



Remark: *: available from Kuraray Co., Ltd. 



EXAMPL ES 47 to 52 and COMPARISON EXAMPLES m tn 1 1 
Preparation of orientation layer 

On a triacetyl cellulose film having a thickness of 100 urn (available from Fuji Photo Film Co., Ltd.), a thin layer of 
gelatin (0.1 urn) was formed. The following coating solution containing polyvinyl alcohol shown in Table 4 (described 
later) ""^jjj* wi * * bar coater on the gelatin layer, dried to 90°C to form a polymer layer of the polyvinyl alcohol 
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[Coating solution of polyvinyl alcohol] 
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Polyvinyl alcohol shown in Table 4 


1.0 weight part 


Water 


18.0 weight parts 


Methanol 


6.0 weight parts 



roller* 1 ,000 rpm. and the tens,on for conveying the film of 1 kgf/cm (width of film), whereby an orientation layerwas 

main ESJZL? d " " t( "? + nyV2 " nz > x d " * the «™W cellulose film was determined in which nx and nv is 

* the ,i ' m : " iS 8 ^ refraCtiVS index in thickness direction ' and d ^ei o7the 
film (Fig. 1). The thickness was measured with a micrometer, and Re values in various directions were measured hv 1 

( , h°' »r ,lab,e ,r ° m Sh ' madZU Seis «kusho. Ltd.) to determine the a3» nx ny " an^ 
negat.ve un.ax.al property and the optic ax>s almost was coincident with the direction of the normal of film. 
Formation of optically an isotropic layer 

m-ta < ^ li " 9 x solu « on of discotic liquid crystalline compound having the following composition was coated usina a bar 
coater (#3 bar) on the orientation layer provided on the TAC film to form a coated layer 9 

[Coating solution of discotic liquid crystalline compound] 



Cellulose acetate butyrate (CAB551-0.2. available from Eastman Chemical Co.) 

Discotic liquid crystalline compound TP-3 (above-mentioned discotic compound No.) 

Ethylene glycol modified-trimethylolpropane triacrylate (V#360. available from Osaka 
Organic Chemical Industry Co., Ltd.) 

Photopolymerization initiator (lrgacure-907, available from Ciba-Geigy) 
Sensitizer (Kayacure-DETX. available from Nippon Kayaku Co., Ltd.) 
Methyl ethyl ketone 



4 weight parts 
182 weight parts 
18 weight parts 

6 weight parts 
2 weight parts 
343 weight parts 



• T Hl C ! at6d " ,m WaS fb(ed in 3 metal ,rame - and neated in a thermostat at a temperature of 120°C for 3 min.rtec m 

^sss^s^rr 1 o,the coated layer - subsequem,y - ^ on's^ss 

ull tS! B ?• , 9 3 h| 9 h -P ressure m ercury lamp (120 w/cm) for 1 min. and cooled to room tempera- 

ture to form an optically amsotropic layer of 2 urn thick. Thus, an optical compensatory sheet was obi Sd 
caHy anisotropic layer was observed using a polarizing microscope under crossed S5TS. teyer S Sh £ 
transm IS s.on. Therefore. ,t was confirmed that the layer had optically anisotropic property. 9 9 

As for the optical compensatory sheets obtained in Examples 47 to 52 and Comparison Examples 1 0 to 1 1 honn 
torZZ££%F f t ° P f a " y aniSOtr ° PiC ' ayer and the ° rientation ,a ^ was evaTSy SSoSn. HE 

AA: no layer was stuck on the peeled tape 

CC: optically anisotropic layer was stuck on the peeled tape 
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The results are set forth in Table 4. 
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Table 4 



10 



15 



Example 


Polymer No. 


Discotic compound No. 


Bondina strenath 


Ex. 47 


No. 1 


TP-3 


A A 

AA 


Ex. 48 . 


No. 39 


TP-3 


AA 


Ex. 49 


No. 53 


TP-3 


A A 

AA 


Ex. 50 


No. 1/No. 39=1/1 


TP-3 


AA 


Ex. 51 


No. 1/No. 53=1/1 


TP-3 


AA 


Ex. 52 


No. 39/No. 53=1/1 


TP-3 


AA 


Co. Ex. 10 


*MP-203 


TP-3 


CC 


Co. Ex. 1 1 


**PVA-1 17 


TP-3 


CC 


Remark: *, * 


available from Kuraray Co., Ltd. 
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Claims 

1 " ™ 22! COmpe " sator y sheet which comprises a transparent support, an orientation layer provided thereon and 

6 - . 
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The element as defined in claim 5, wherein the group has no aromatic ring. 
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8. The element as defined in claim 5, wherein the polyvinyl alcohol is represented by the formula (I): 
(I) 

— (CH 2 CH)- ^CH 2 CH)— — (CH 2 CH)— 

OH lii d) 



11 



12. 



1 t-o 

(R") k C=0 

I CH 3 
(L 12 )h 

Q 11 



^ er rt n i«n? PreS Tu? l a " ether b ° ndinQ - 3 Ur6thane b ° ndin9 - an acetal ° r ^ ester bonding; 

R represents an alkylene group or an alkyleneoxy group; a 

L represents a connecting group for linking R 11 with Q 11 ; 

Q represents vinyl, oxiranyl or aziridinyl; 

♦„ ™ X ! iS r the J ran9 u e of 10 10 99 9 molar % . y1 is in the range of 0.01 to 80 molar % and z1 is in the ranae of 0 
to 70 molar %. under the condition of x1+yl+zi =100; and 9 

each of k and h independently represents 0 or 1 . 

9 " To T^tSiiT^Jn^^" ? ^° lyVI ' nyl a,COh0 ' h3S 3 reCUmng unit havin9 the 9 ™P in «" a-ount 
ot o. i to 1 0 molar % based on a total amount of recurring units of the polyvinyl alcohol. 

10. An element which comprises a transparent support, an orientation layer provided thereon and an ooticallv aniso 

22 SZ 9 ° n F - ° rientati ° n ,ayer " the ° rientation layer ^ing a polymer and 4 SSJ an S 

X fn H Tn' n9 3 " qU ' d CrySta " ine com P° und - wh ^in the polymer of orientation layer is chemSy bonded 
to the ..quid crystallme compound of optically anisotropic layer via the interface of these layers 



Jwht^i^ r erein fe f ° rmed 01 3 P 01 ^^' alcoh01 at ,east one Mroxy. group 

of wh.ch is substituted with a group having a vinyl moiety, an oxiranyl moiety or an aziridiny^moiety. 

™ nnS COmpe " Satory sheet which emprises a transparent support, an orientation layer provided thereon and 
ontS rin an t ' T ,8yer Pr ° Vided ° n 016 ° rientation ,ayer - *• orientation '«yer comprising a poTyme r and^he 
SSiT ,SOt ^° p,C I ayer ?° mPriSing 3 HqUid CrySta " ine com P° und - wherein the polymer of oLSnT^ 
pnses po.yv.ny. alcohol at least one hydroxy, group of which is substituted with a group having the formS ( I) 



(II) 

.OR 21 



— C~(CH=CHh 



ii v — 'q 




wherein R 21 represents an alkyl group, or an alkyl group which is substituted with alkyl alkoxv arvl halnr,«n x,,™i 
vinyloxy. oxiranyl. acryloyloxy. methacryloyloxy, or crotonoyloxy; ^ * V ' Mc0m - Vl " yl ' 

wim,.™!^ repr f sente an alk y' 9 rou P- an alkyl group which is substituted with alkyl, alkoxy. aryl halogen vinvl 
llf >k T? 1 ' ' 1 ! Cryl0ylOXy ' methaCryloy,oxy - ° r crotonoyloxy. an alkoxy group, an alkoxy group which fs substi 
^ q Hs O or 1 arVl ' ha, ° 9en ' Viny '' ""^ OXirany '' aCry ' 0y, °^ ^xyXoto^loxy; 
n is an integer of 0 to 4. 
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13, a defined in daim 12, wherein the optica,ly anisotropic ,ayer is formed - * di °- 

15: ^h^2^f TT S f 3 fran f arent su PP° rt and a PO'V^er layer provided thereon comprising polyvinyl 
alcohol at least one hydroxy! group of which is substituted with a group having the formula (II): 

(ID 

— C-<CH=CH>- q 

O - (w21)n 




wherein R 21 represents an alkyl group or an alky) group which is substituted with alkyl, alkoxy. aryl halogen vinvl 
vinyloxy, oxiranyl, acryloyloxy, methacryloyloxy, or crotonoytoxy; naiogen. vinyl, 

W 21 represents an alkyl group, an alkyl group which is' substituted with alkyl, alkoxy. aryl halogen vinvl 
ZESXZE' '■ 1 aCryl0yl T?: methac ^ 10 ^ °' crotonoyloxy. an alkoxy group, an alkoxy JSf «5ch! ^2 
^HSJl^S? ^ 96n ' Viny '' Viny ' qXy ' OXiranyl ' methacryloyloxy o7 crotonoytoxy; 

n is an integer of 0 to 4. 

w?tn SSS'SS h^n/a^^" rePr6SentS 30 ^ ^ " ^ 9 ™ P WhiCh * SUbS «^ 
W 21 represents an alkyl group, an alkyl group which is substituted with alkyl, alkoxy. aryl or haloaen an 
alkoxy group, an alkoxy group which is substituted with alkyl. alkoxy. aryl or halogen" 

1 7. The element as defined in claim 15, wherein R 21 represents an alkyl group which is substituted with vinyl vinyloxv 
oxiranyl, acryloyloxy. methacryloyloxy or crotonoyloxy; and vmyioxy. 

W 21 represents an alkyl group, an alkyl group which is substituted with alkyl; ,-alkaxy aryl haloaen vinvl 
uSZ^^^ methacr ^°xy or crotonoyloxy, an alkoxy group, an altox^'ro^p '£& 1 suS 
tuted with alkyl. alkoxy. aryl. halogen, vinyl, vinyloxy. oxiranyl. acryloyloxy. methacryloyloxy or crotonoytaj 

18 ' mullm"!! - 88 ^'"fVn 15> Wher6in the PO,yvjnyl a,coho, has a recurrina having the group of the for- 
mula (II) ,n an amount of 0. 1 to 1 0 molar % based on a total amount of recurring units of the polyvValcohoL 

19. An element which comprises a transparent support, an orientation layer provided thereon and an ooticallv anisn 
ropic layer provided on the orientation layer, the orientation layer comprising a polymer anJthe opSly an E 

^^mSTS: V "! COmPOUnd • Wh6rein the P0 ' ymer - ortaShion layer compSL ^nyl 

alcohol at least one hydroxy! group of which is substituted with a group having the formula (II): 

(II) 

/ _^OR2i 
— C-fcH=CH>q (CJlf 

0 ^^(W21) n 



^!.ow T- rep ; esent , s an alkyl 9 rou P- or an alk y srauP which is substituted with alkyl. alkoxy. aryl. halogen vinyl 
vinyloxy, oxiranyl, acryloyloxy. methacryloyloxy, or crotonoyloxy; naiogen, vinyl. 

W represents an alkyl group, an alkyl group which is' substituted with alkyl. alkoxy. aryl. halogen, vinyl. 
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mT^X^TI^T^T^ ,° r Cr0t0n0yl °^ an alko ^ an *«* group which is substi- 

q is O^r 1 9 ^ ' ^ ^ ° X,rany1, ^y 10 ^ methacryloy.oxy. or crotonoyloxy; 



qis0or1;and 
n is an integer of 0 to 4 
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FIG. 1 




FIG. 2 




54 



EP0 726 486 A2 




55 



EP 0 726 486 A2 



FIG. 4 
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